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2 
COMPOSITE WAVEGUIDING STRUCTURES tor material ( e.g. , single - crystal silicon ) of the semiconduc 

INCLUDING SEMICONDUCTOR FINS tor layer 14 in a layout associated with the array with 
lithography and etching processes . The etching process may 

BACKGROUND be timed and halted before the etching process forming the 
5 semiconductor fins 12 penetrates fully through the semicon 

The present invention relates to photonics chips and , more ductor layer 14 such that a partial thickness of the semicon 
specifically , to waveguiding structures for a and methods of ductor layer 14 is preserved about the semiconductor fins 12 . 
fabricating a waveguiding structure . The semiconductor fins 12 may have vertical sidewalls , as 

Photonics chips are used in many applications and sys shown , or may have sidewalls that are , for example , tapered . 
tems including , but not limited to , data communication 10 The semiconductor fins 12 may have a parallel or substan 
systems and data computation systems . A photonics chip tially parallel alignment with each other . The number of 
integrates optical components , such as waveguides and semiconductor fins 12 in the array may differ from the 
bends , and electronic components , such as field - effect tran number in the representative embodiment . 
sistors , into a unified platform . Among other factors , layout In an embodiment , the semiconductor layer 14 may be 
area , cost , and operational overhead may be reduced by the 15 composed of the single - crystal semiconductor material , such 
integration of both types of components . as single - crystal silicon , and may represent a device layer of 
On - chip communication and sensing may rely on trans a silicon - on - insulator ( SOI ) wafer that has been etched to 

ferring optical signals through waveguides on the photonics form semiconductor fins 12. The silicon - on - insulator ( SOI ) 
chip to other optical components . Optical signals propagate wafer further includes a buried insulator layer 16 composed 
as electromagnetic waves within waveguides using a num- 20 of a dielectric material , such as a buried oxide layer com 
ber of different modes characterized by different properties . posed of silicon dioxide , and a substrate 26 composed of a 
Waveguides , as well as other optical components , may single - crystal semiconductor material , such as single - crystal 
include cores that are fabricated from silicon nitride or silicon . The substrate 26 is separated by the buried insulator 
single - crystal silicon . Losses in silicon waveguides tend to layer 16 from the semiconductor layer 14 and semiconductor 
be considerably higher than losses in silicon nitride wave 25 fins 12 . 
guides . With reference to FIG . 2 in which like reference numerals 

Improved waveguiding structures and methods of fabri refer to like features in FIG . 1 and at a subsequent fabrica 
cating a waveguiding structure are needed . tion stage , the hybrid waveguiding structure 10 may further 

include a waveguide 18 that is formed over the semicon 
SUMMARY 30 ductor fins 12 , the semiconductor layer 14 between the 

semiconductor fins 12 , and a portion of the semiconductor 
In an embodiment of the invention , a hybrid waveguiding layer 14 locally surrounding the semiconductor fins 12. The 

structure includes a waveguide , and a plurality of semicon semiconductor fins 12 are embedded or encapsulated inside 
ductor fins that are arranged at least in part inside the the waveguide 18 in that the semiconductor fins 12 are 
waveguide . 35 spaced inward from the outer surfaces 19 of the waveguide 

In an embodiment of the invention , a method is provided 18 and completely coated or covered by the waveguide 18 . 
for forming a hybrid waveguiding structure . The method The waveguide 18 may be formed by depositing a non 
includes forming a plurality of semiconductor fins , and conformal layer of a dielectric material on the semiconduc 
forming a waveguide over the plurality of semiconductor tor fins 12 and the semiconductor layer 14 about and 
fins . The plurality of semiconductor fins are arranged at least 40 between the semiconductor fins 12 , and then patterning the 
in part inside the waveguide . deposited non - conformal layer with lithography and etching 

processes . To that end , an etch mask is formed over the 
BRIEF DESCRIPTION OF THE DRAWINGS deposited layer , and the masked deposited layer is etched 

with an etching process , such as reactive ion etching ( ME ) 
The accompanying drawings , which are incorporated in 45 or a wet chemical etching process . The waveguide 18 has a 

and constitute a part of this specification , illustrate various thickness that is greater than the height of the semiconductor 
embodiments of the invention and , together with a general fins 12 and , following patterning , surrounds and encapsu 
description of the invention given above and the detailed lates the semiconductor fins 12. For example , the waveguide 
description of the embodiments given below , serve to 18 may be composed of silicon nitride that that is etched 
explain the embodiments of the invention . In the drawings , 50 using a wet chemical solution containing hydrofluoric acid . 
like reference numerals refer to like features in the various The etching process may remove the dielectric material of 
views . the waveguide 18 selective to the semiconductor material of 

FIG . 1 is a cross - sectional view of structure for waveguide the semiconductor layer 14. As used herein , the term “ selec 
at an initial fabrication stage of a processing method in tive ” in reference to a material removal process ( e.g. , 
accordance with embodiments of the invention . 55 etching ) denotes that , with an appropriate etchant choice , the 

FIG . 2 is a cross - sectional view of the structure at a material removal rate ( i.e. , etch rate ) for the targeted mate 
fabrication stage subsequent to FIG . 1 . rial is greater than the removal rate for at least another 

FIGS . 3-9 are cross - sectional views of structures in accor material exposed to the material removal process . 
dance with alternative embodiments of the invention . In embodiments , the waveguide 18 may be formed from 

60 a mid - index to high - index dielectric material having a 
DETAILED DESCRIPTION refractive index in a range from about 1.9 to about 2.5 . In 

embodiments , the waveguide 18 may be composed of sili 
With reference to FIG . 1 and in accordance with embodi con nitride , zinc oxide , titanium dioxide , zirconium dioxide , 

ments of the invention , a hybrid waveguiding structure 10 or a combination of these dielectric materials . For example , 
includes an array of semiconductor fins 12 that are arranged 65 at a wavelength of 1310 nanometers , the refractive index of 
over a semiconductor layer 14. The semiconductor fins 12 silicon is about 3.5 , the refractive index of silicon nitride is 
may be formed by patterning the single - crystal semiconduc about 2.0 , the refractive index of zinc oxide is about 1.9 , the 
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refractive index of titanium dioxide is about 2.5 , and the 24 may be formed by depositing a layer composed of a 
refractive index of zirconium dioxide is about 2.1 . Some dielectric material , such as an oxide of silicon ( e.g. , silicon 
dielectric materials , such as aluminum oxide and silicon dioxide ) , by chemical vapor deposition ( CVD ) , and recess 
dioxide , and other materials , such as water , may not be ing the deposited dielectric layer with an etching process . An 
suitable for forming the waveguide 18 because of an overly- 5 upper section 11 of each of the semiconductor fins 12 is 
large difference in refractive index in comparison with revealed by the recessing of the trench isolation region 24 , 
silicon . For example , such materials may have a refractive and a lower section 13 of each of the semiconductor fins 12 
index that is less than 1.9 , such as aluminum oxide having is surrounded by the trench isolation region 24. Processing 
a refractive index of about 1.75 , silicon dioxide having a continues to form the waveguide 18 and cladding layer 20 , 
refractive index of about 1.45 , and water having a refractive 10 which each may directly contact the trench isolation region 
index of about 1.33 . 24. In an alternative embodiment , the dielectric layer used to 

As used herein , the semiconductor fins 12 and waveguide form the waveguide 18 may be partially etched , as described 
18 collectively represent a composite or hybrid waveguiding in connect with FIG . 4 , to provide the layer 22 , which may 
structure in which propagating optical signals are confined . be in direct contact with the trench isolation region 24 
A cladding layer 20 is formed that covers the exterior of the 15 surrounding the waveguide 18 and arranged between the 
waveguide 18. Portions of the dielectric material of the cladding layer 20 and the trench isolation region 24 . 
waveguide 18 are arranged between all surfaces of the With reference to FIG . 7 and in accordance with embodi 
semiconductor fins 12 and the cladding layer 20. In an ments of the invention , a hybrid waveguiding structure 10a 
embodiment , the cladding layer 20 may be composed of includes a dielectric layer 30 that may be formed over the 
silicon dioxide . The buried insulator layer 16 provides a 20 waveguide 18 and layer 22. The dielectric layer 30 is 
lower cladding layer for the hybrid waveguiding structure . arranged to surround the waveguide 18 and has a top surface 

The propagation loss of the waveguide 18 may be reduced that is arranged above a top surface of the waveguide 18 
by the introduction of the semiconductor fins 12 due to a such that the waveguide 18 is encapsulated by the dielectric 
reduced coupling to radiation modes , while still maintaining layer 30. The dielectric layer 30 may be composed of a 
a reasonable optical confinement owing to semiconductor 25 dielectric material , such as silicon dioxide , deposited by 
fins 12 in the high - index contrast fin structure . In an embodi chemical vapor deposition . The dielectric layer 30 may be 
ment , the number of semiconductor fins 12 in the array may formed by depositing a layer of its constituent dielectric 
be greater than or equal to three ( 3 ) to provide an optical material and planarizing the deposited layer with , for 
confinement improvement in comparison with a waveguide example , chemical mechanical polishing ( CMP ) . For 
18 that lacks the semiconductor fins 12 . 30 example , the dielectric layer 30 may be composed of an 

In alternative embodiments , the hybrid waveguiding oxide of silicon , such as silicon dioxide , deposited by 
structure may also be CMOS compatible , as subsequently chemical vapor deposition using ozone and tetraethylortho 
described . For example , the hybrid waveguiding structure silicate ( TEOS ) as reactants . Portions of the dielectric mate 
may be used to route optical signals on a photonics chip rial of the waveguide 18 are arranged between all surfaces 
formed using the SOI wafer . 35 of the semiconductor fins 12 and the dielectric layer 30 . 

With reference to FIG . 3 and in accordance with embodi A dielectric layer 32 is formed over the dielectric layer 30 . 
ments of the invention , the etching process forming the The dielectric layer 32 may be composed of a dielectric 
semiconductor fins 12 may penetrate fully through the material , such as silicon nitride , deposited by atomic layer 
semiconductor layer 14 such that the surface area of the deposition or chemical vapor deposition . In an embodiment , 
buried insulator layer 16 is exposed about the semiconductor 40 the dielectric layer 32 may be composed of the same 
fins 12. The etching process may remove the semiconductor dielectric material as the waveguide 18. In an embodiment , 
material of the semiconductor layer 14 selective to the the dielectric layer 32 and the waveguide 18 may each be 
dielectric material of the buried insulator layer 16 and stop composed of silicon nitride . The dielectric layer 32 , which 
on the buried insulator layer 16. The formation of the is formed on a planar top surface of the dielectric layer 30 , 
waveguide 18 and the cladding layer 20 process as previ- 45 may be planar with a uniform thickness . In an embodiment , 
ously described . The waveguide 18 and the cladding layer the dielectric layer 32 may be composed of silicon nitride 
may directly contact the buried insulator layer 16 , which is deposited by plasma - enhanced chemical vapor deposition 
exposed by the etching process . ( PECVD ) . The dielectric 32 may find use in other regions of 

With reference to FIG . 4 and in accordance with embodi the SOI wafer containing standard logic devices as a sili 
ments of the invention , the etching process forming the 50 cide - blocking layer in a so - called OP process . 
waveguide 18 may penetrate only partially through the A dielectric layer 34 is formed over the dielectric layer 32 . 
deposited dielectric layer such that the buried insulator layer In an embodiment , the dielectric layer 34 is composed of an 
16 about the semiconductor fins 12 is covered by a layer 22 undoped oxide of silicon ( e.g. , undoped silicon dioxide ) 
of the same dielectric material as the waveguide 18. The deposited by chemical vapor deposition or atomic layer 
cladding layer 20 is then formed , as previously described , to 55 deposition . The dielectric layer 34 , which is formed on a 
cover this ridge version of the waveguide 18 . planar top surface of the dielectric layer 32 , may be planar 

With reference to FIG . 5 and in accordance with embodi with a uniform thickness . 
ments of the invention , the semiconductor fins 12 may be A multilayer back - end - of - line stack , generally indicated 
formed by etching fully through the semiconductor layer 14 , by reference numeral 36 , is formed by back - end - of - line 
as described in connection with FIG . 1 , and the layer 22 may 60 ( BEOL ) processing over the dielectric layer 34. The back 
be formed that extends from the base of the waveguide 18 , end - of - line stack 36 may include one or more interlayer 
as described in connection with FIG . 4 . dielectric layers composed of dielectric materials , such as a 

With reference to FIG . 6 and in accordance with embodi carbon - doped silicon oxide , and metallization composed of , 
ments of the invention , a trench isolation region 24 may for example , copper , tungsten and / or cobalt that is arranged 
formed on the buried insulator layer 16 following the 65 in the one or more interlayer dielectric layers . 
formation of the semiconductor fins 12 by fully etching the In alternative embodiments , the semiconductor layer 14 
semiconductor layer 14 ( FIG . 1 ) . The trench isolation region may be fully etched such that the dielectric layer 30 may 
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directly contact the buried insulator layer 16 and / or the References herein to terms such as “ vertical ” , “ horizon 
dielectric material of the waveguide 18 may be partially tal ” , etc. are made by way of example , and not by way of 
etched such that the layer 22 is present and may be directly limitation , to establish a frame of reference . The term 
contacted by the dielectric layer 30. In alternative embodi “ horizontal ” as used herein is defined as a plane parallel to 
ments , the trench isolation region 24 may be formed such 5 a conventional plane of a semiconductor substrate , regard 
that the dielectric layer 30 may directly contact the trench less of its actual three - dimensional spatial orientation . The 
isolation region 24 and , optionally , the dielectric material of terms " vertical ” and “ normal ” refer to a direction perpen 
the waveguide 18 may be partially etched such that the layer dicular to the horizontal , as just defined . The term “ lateral ” 
22 is present over the trench isolation region 24 and may be refers to a direction within the horizontal plane . 
directly contacted by the dielectric layer 30 . A feature " connected ” or “ coupled ” to or with another 

feature may be directly connected or coupled to or with the The hybrid waveguiding structure 10a may be integrated other feature or , instead , one or more intervening features into a photonics chip that includes electronic components may be present . A feature may be “ directly connected ” or and additional optical components . For example , the elec " directly coupled ” to or with another feature if intervening tronic components may include field - effect transistors that 15 features are absent . A feature may be “ indirectly connected " are fabricated by CMOS front - end - of - line ( FEOL ) process or “ indirectly coupled ” to or with another feature if at least 
ing using the semiconductor material of the device layer of one intervening feature is present . A feature “ on ” or “ con 
the SOI wafer . In particular , the field - effect transistors may tacting ” another feature may be directly on or in direct 
be fin - type field - effect transistors that are fabricated using contact with the other feature or , instead , one or more 
semiconductor fins that are similar to semiconductor fins 12. 20 intervening features may be present . A feature may be 

With reference to FIG . 8 and in accordance with embodi " directly on ” or in “ direct contact ” with another feature if 
ments of the invention , the semiconductor fins 12 may be intervening features are absent . A feature may be “ indirectly 
formed using a bulk semiconductor substrate 40 , instead of on ” or in " indirect contact ” with another feature if at least 
an SOI wafer . In an embodiment , the bulk semiconductor one intervening feature is present . 
substrate 40 may contain a single - crystal semiconductor 25 The descriptions of the various embodiments of the 
material , such as single - crystal silicon . The trench isolation present invention have been presented for purposes of 
region 24 is formed , as described previously , followed by the illustration , but are not intended to be exhaustive or limited 
formation of the waveguide 18 and cladding layer 20. In an to the embodiments disclosed . Many modifications and 
alternative embodiment , the waveguide 18 may include the variations will be apparent to those of ordinary skill in the 
layer 22 that is arranged over the trench isolation region 24 30 art without departing from the scope and spirit of the 
and between the cladding layer 20 and the trench isolation described embodiments . The terminology used herein was 
region 24. In an alternative embodiment , the dielectric layers chosen to best explain the principles of the embodiments , the 
30 , 32 , 34 and the back - end - of - line stack 36 may formed practical application or technical improvement over tech 
over the waveguide 18 , which may optionally include the nologies found in the marketplace , or to enable others of 
layer 22 . 35 ordinary skill in the art to understand the embodiments 

With reference to FIG . 9 and in accordance with embodi disclosed herein . 
ments of the invention , the waveguide 18 may be replaced What is claimed is : 
by a conformal layer 42 that is formed over the upper 1. A hybrid waveguiding structure comprising : 
sections 11 of the semiconductor fins 12 and the trench a waveguide comprised of a dielectric material ; and 
isolation region 24. The conformal layer 42 has a thickness 40 a plurality of semiconductor fins that are surrounded and 
that is substantially uniform or constant at any location . A encapsulated at least in part inside the waveguide , 
hybrid waveguiding structure 10b includes the conformal wherein the waveguide has a thickness that is greater than 
layer 42 , which may be composed of silicon nitride or a height of the plurality of semiconductor fins , the 
another mid - index to high - index dielectric material , and the waveguide includes a plurality of outer surfaces , and 
semiconductor fins 12 that are clad by the conformal layer 45 the plurality of semiconductor fins are spaced inward 
42. In an alternative embodiment , the dielectric layers 30 , from the plurality of outer surfaces of the waveguide . 
32 , 34 and the back - end - of - line stack 36 may formed over 2. The hybrid waveguiding structure of claim 1 wherein 
the hybrid waveguiding structure 10b that includes the the dielectric material is silicon nitride , and the plurality of 
conformal layer 42 and the semiconductor fins 12 . semiconductor fins are comprised of single - crystal silicon . 

The methods as described above are used in the fabrica- 50 3. The hybrid waveguiding structure of claim 1 wherein 
tion of integrated circuit chips . The resulting integrated the dielectric material has a refractive index in a range from 
circuit chips can be distributed by the fabricator in raw wafer about 1.9 to about 2.5 . 
form ( e.g. , as a single wafer that has multiple unpackaged 4. The hybrid waveguiding structure of claim 1 wherein 
chips ) , as a bare die , or in a packaged form . The chip may the dielectric material is silicon nitride , zinc oxide , titanium 
be integrated with other chips , discrete circuit elements , 55 dioxide , or zirconium dioxide . 
and / or other signal processing devices as part of either an 5. The hybrid waveguiding structure of claim 1 wherein 
intermediate product or an end product . The end product can the plurality of semiconductor fins are arranged over a 
be any product that includes integrated circuit chips , such as buried insulator layer of a semiconductor - on - insulator 
computer products having a central processor or smart wafer . 
phones . 6. The hybrid waveguiding structure of claim 5 wherein 

References herein to terms modified by language of the waveguide is arranged over the buried insulator layer , 
approximation , such as “ about ” , “ approximately ” , and “ sub and a section of a device layer of the semiconductor - on 
stantially ” , are not to be limited to the precise value speci insulator wafer is arranged about the waveguide and 
fied . The language of approximation may correspond to the between the waveguide and the buried insulator layer . 
precision of an instrument used to measure the value and , 65 7. The hybrid waveguiding structure of claim 5 wherein 
unless otherwise dependent on the precision of the instru the waveguide has a directly contacting relationship with the 
ment , may indicate +/- 10 % of the stated value ( s ) . buried insulator layer . 

60 
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8. The hybrid waveguiding structure of claim 5 wherein 15. A method of forming a hybrid waveguiding structure , 
each semiconductor fin includes an upper section and a the method comprising : 
lower section , and further comprising : forming a plurality of semiconductor fins ; a trench isolation region surrounding the lower section of depositing a non - conformal dielectric layer over the plu each semiconductor fin , rality of semiconductor fins ; and wherein the upper section of each semiconductor fin is 

arranged inside the waveguide , and the trench isolation patterning the non - conformal dielectric layer to form a 
region is arranged between the buried insulator layer waveguide , 
and the waveguide . wherein the plurality of semiconductor fins are sur 

9. The hybrid waveguiding structure of claim 1 wherein rounded and encapsulated at least in part inside the 
the plurality of semiconductor fins are arranged over a bulk waveguide , and the waveguide has a thickness that is 
substrate . greater than a height of the plurality of semiconductor 

10. The hybrid waveguiding structure of claim 9 wherein fins . 
each semiconductor fin includes an upper section and a 16. The method of claim 15 wherein forming the plurality 
lower section , and further comprising : of semiconductor fins comprises : a trench isolation region over the bulk substrate and patterning a device layer of a silicon - on - insulator wafer to surrounding the lower section of each semiconductor 

fin , form the plurality of semiconductor fins . 
wherein the upper section of each semiconductor fin is 17. The method of claim 16 wherein the device layer is 

arranged inside the waveguide . patterned by an etching process that stops on a buried 
11. The hybrid waveguiding structure of claim 1 wherein 20 insulator layer of the silicon - on - insulator wafer . 

the plurality of semiconductor fins are aligned with a sub 18. The method of claim 15 wherein forming the plurality 
stantially parallel arrangement . of semiconductor fins comprises : 

12. The hybrid waveguiding structure of claim 1 further patterning a bulk semiconductor substrate to form the comprising : plurality of semiconductor fins . 
a dielectric layer arranged over the waveguide , the dielec- 25 19. The method of claim 18 further comprising : 

tric layer comprised of silicon nitride ; and depositing a dielectric layer over the plurality of semi 
a back - end - of - line stack arranged over the dielectric layer . conductor fins ; and 13. The hybrid waveguiding structure of claim 1 wherein recessing the dielectric layer relative to the plurality of the plurality of semiconductor fins comprise three or more semiconductor fins to form a trench isolation region semiconductor fins . that reveals respective upper sections of the plurality of 14. The hybrid waveguiding structure of claim 1 wherein semiconductor fins . the dielectric material of the waveguide is located in respec 

tive spaces between the plurality of semiconductor fins . 

30 


